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DESCRIPTION 

ELECTRON BEAM LITHOGRAPHY APPARATUS 
Technical Field 

The present invention relates to an electron beam lithography 
apparatus for manufacturing an original master, and in particular, 
relates to the electron beam lithography apparatus used for 
concentrically drawing circles . 
Background Art 

A magnetic disk or a hard disk (HD) is used as a storage of 
a personal computer (PC), a mobile device, a car-mounted device, 
and the like. The application thereof significantly expands, and 
surface recording density is rapidly improved in recent years. 

To manufacture such a hard disk with high recording density, 
electron beam mastering technology is widely studied . In an electron 
beam lithography exposure apparatus, an electron lens converges 
an electron beam shot by an electron gun, and an electron beam spot 
is applied to a substrate coated with a resist. A blanking control 
system and a beam deflection control system control the irradiation 
position of the electron beam spot to draw a desired beam pattern. 
Recently various electron beam lithography exposure apparatuses 
are developed and include , for example, an apparatus which precisely 
manufactures an original master of a recording medium such as an 
optical disk and the like (refer to, for example, Japanese Patent 
Laid-Open Publication No. 2002-367178). 

Accordingly, it is necessary to precisely control the 
irradiation position of the electron beam spot in order to perform 



electron beam lithography with high recording density. The recent 
hard disk uses a concentric pattern instead of a spiral pattern 
used in the optical disk and the like. In the case of concentrically 
drawing circles by the electron beam lithography, it is necessary 
to precisely connect a start point to an end point in each circle 
(i.e., track). Therefore, it is desired to provide an apparatus 
which can concentrically draw circles with high precision. 

When a conventional x-0 system lithography apparatus or the 
like concentrically draws circles by the electron beam lithography, 
a ramp wave in synchronization with the rotation of the substrate 
deflects the electron beam to a radial direction. Thus, there are 
problems that the shape of a circle connecting section becomes 
distorted, a part of a land section is exposed, and the like. If 
there is rotational fluctuation in a rotational stage, a line for 
a circle may not connect at the start and end points . Using blanking 
prevents the land section from being exposed , but there occurs another 
problem that a line does not connect at the start and end points. 
Accordingly, it is desired to provide an electron beam lithography 
apparatus which can draw a circle with high precision. 
Disclosure of the Invention 

To solve the foregoing problems, an object of the present 
invention is to provide an electron beam lithography apparatus which 
can concentrically draw circles by electron beam lithography in 
such a manner that a start point and an end point of the circle 
connect with high precision. 

According to the present invention, there is provided an 
electron beam lithography apparatus for concentrically drawing a 



plurality of circles on a substrate by applying an electron beam 
while rotating the substrate, which comprises a beam deflection 
portion for deflecting the electron beam to change an irradiation 
position of the electron beam; a synchronization signal generation 
5 portion for generating a synchronization signal which is in 

synchronization with the rotation of the substrate; a controller 
for controlling the beam deflection portion on the basis of the 
synchronization signal in order to deflect the electron beam in 
a rotational radial direction of the substrate and in a rotational 

10 tangential direction of the substrate opposite to a rotational 
direction of the substrate, while drawing transition is performed 
from one circle to another circle; and a beam cutoff portion for 
cutting off the irradiation of the electron beam on the substrate, 
for a period during the electron beam is deflected in the rotational 

15 radial direction. 

According to the present invention, there is provided an 
electron beam lithography method for drawing a plurality of circles 
on a substrate by applying an electron beam while rotating the 
substrate, which comprises a cutoff step of cutting off the 

20 irradiation of the electron beam on the substrate during drawing 
a circle; and a drawing start step of deflecting the electron beam 
in at least a rotational radial direction of the substrate during 
cutoff, and starting the drawing of another circle. 
BRIEF DESCRIPTION OF THE DRAWINGS 

25 Fig. 1 is a block diagram schematically showing the structure 

of an electron beam lithography apparatus according to a first 
embodiment of the present invention; 

3 



Fig. 2 is a plan view showing a spiral pattern (a broken line) 
and a concentric pattern (continuous lines) of a disk; 

Fig. 3 is a schematic plan view for illustrating the case of 
drawing a plurality of concentric patterns on a substrate; 

Fig. 4 is a schematic plan view for illustrating the case of 
drawing concentric circles 15A and 15B according to the first 
embodiment ; 

Fig . 5 is a time chart corresponding to Fig . 4 showing a blanking 
control signal and deflection control signals in X and Y directions; 

Fig. 6 is a flowchart showing the procedure of drawing shown 
in Figs . 4 and 5 ; 

Fig. 7 is a schematic view showing the case of cutting off 
an electron beam EB (beam: OFF) by blanking; 

Fig. 8 is a schematic plan view for illustrating deflection 
control in a second embodiment when drawing transition is performed 
from the circle 15A to the circle 15B; 

Fig. 9 is a time chart corresponding to Fig. 8 showing the 
blanking control signal and the deflection control signals in the 
X and Y directions; 

Fig. 10 is a schematic plan view for illustrating the deflection 
control in a third embodiment when drawing transition is performed 
from the circle 15A to the circle 15B; 

Fig. 11 is a time chart corresponding to Fig. 10 showing the 
blanking control signal and the deflection control signals in the 
X and Y directions; 

Fig . 1 2 is a schematic plan view for illustrating the deflection 
control in a fourth embodiment when drawing transition is performed 
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from the circle 15A to the circle 15B; and 

Fig. 13 is a time chart corresponding to Fig. 12 showing the 
blanking control signal and the deflection control signals in the 
X and Y directions . 

Best Mode for Carrying Out the Invention 

Embodiments of the present invention will be hereinafter 
described in detail with reference to drawings. In the following 
embodiments, the same reference numerals refer to equivalent 
components . 
[First Embodiment] 

Fig. 1 is a block diagram schematically showing the structure 
of an electron beam lithography apparatus 10 according to a first 
embodiment of the present invention. The electron beam lithography 
apparatus 10 is a mastering apparatus which produces an original 
master for manufacturing magnetic disks by use of an electron beam. 

The electron beam lithography apparatus 10 comprises a vacuum 
chamber 11, a drive device, an electron beam column 20 attached 
to the vacuum chamber 11, and various circuits and control systems. 
The drive device performs rotational and translational movement 
of a substrate mounted thereon and disposed in the vacuum chamber 
11. The various circuits and control systems carry out substrate 
drive control, electron beam control, and the like. 

To be more specific, a substrate 15 for an original master 
of a disk is mounted on a turntable 16. The turntable 16 is rotated 
by a spindle motor 17 , which is a rotational drive device for driving 
the substrate 15 to rotate, with respect to a vertical axis of the 
principal plane of the substrate 15 . The spindle motor 17 is disposed 



on a feed stage (hereinafter, simply referred to as stage) 18. The 
stage 18 is coupled to a feed motor 19 being a feeding ( translational 
motion drive) device. Thus, the spindle motor 17 and the turntable 
16 can be moved in a predetermined direction in a plane which is 
in parallel with the principal plane of the substrate 15. 

The turntable 16 is made of dielectric, for example, ceramic, 
and has an electrostatic chucking mechanism (not illustrated) . The 
electrostatic chucking mechanism is composed of the turntable 16 
(ceramic) and an electrode provided in the turntable 16. The 
electrode made of a conductive material generates electrostatic 
polarization. The electrode is connected to a high- voltage power 
supply (not illustrated). Since the high-voltage power supply 
applies voltage to the electrode, the substrate 15 is attracted 
and held. 

Optical elements are disposed on the stage 18. The optical 
elements include a reflecting mirror 35A, an interferometer, and 
the like, which are elements of a laser interferometer measuring 
system 3 5 described later. 

The vacuum chamber 11 is installed through a vibration 
isolating table (not illustrated) such as an air damper or the like 
in order to restrain the transmission of external vibration. The 
vacuum chamber 11 is connected to a vacuum pump (not illustrated) . 
The vacuum pump exhausts air from the vacuum chamber 11, so that 
the inside of the vacuum chamber 11 is set at a vacuum atmosphere 
with a predetermined pressure. 

In the electron beam column 20, an electron gun (emitter) 21 
for emitting an electron beam, a convergence lens 22, blanking 



electrodes 23 , an aperture 24 , a beam deflection coil 25 , an alignment 
coil 26, deflection electrodes 27, a focus lens 28, and an objective 
lens 2 9 are disposed in this order. 

The electron gun 21 emits an electron beam (EB) accelerated 
to several tens of KeV by a cathode (not illustrated), to which 
an acceleration high voltage power supply (not illustrated) applies 
high voltage . The convergence lens 2 2 converges the emitted electron 
beam. The blanking electrodes 23 switch the electron beam between 
ON and OFF on the basis of a modulation signal from a blanking control 
section 31. In other words, since application of a voltage between 
the blanking electrodes 23 largely deflects the passing electron 
beam, the electron beam is prevented from passing through the aperture 
24, so that the electron beam becomes an off state. 

The alignment coil 26 corrects the position of the electron 
beam on the basis of a correction signal from a beam position corrector 
32 . The deflection electrodes 2 7 can carry out the deflection control 
of the electron beam at high speed on the basis of a control signal 
from a deflection control section 33 . The deflection control results 
in position control of an electron beam spot with respect to the 
substrate 15. The focus lens 28 controls the focus of the electron 
beam on the basis of a control signal from a focus control section 
34. 

A light source 36A and a photodetector 36B are provided in 
the vacuum chamber 11 to detect the height of the principal plane 
of the substrate 15. In the electron beam lithography apparatus 
10, a height detection section 36 is provided. The photodetector 
36B includes, for example, a position sensor, a CCD (charge coupled 



device) , and the like. The photodetector 36B receives a light beam, 
which is emitted from the light source 36A and reflected from the 
surface of the substrate 15 , and provides the height detection section 
36 with a photo-reception signal. The height detection section 36 
detects the height of the principal plane of the substrate 15 on 
the basis of the photo -reception signal, and generates a detection 
signal. The detection signal representing the height of the 
principal plane of the substrate 15 is provided to the focus control 
section 34, so that the focus control section 34 controls the focus 
of the electron beam on the basis of the detection signal. 

The laser interferometer measuring system 35 measures a 
distance to the stage 18 by use of a distance measuring laser beam 
from a light source provided in the laser interferometer measuring 
system 35 . Then , the laser interferometer measuring system 35 sends 
distance measurement data, that is, position data of the stage 18 
to a position control section 37. The position control section 37 
generates a position correction signal for correcting the position 
of the electron beam from the position data, and sends the position 
correction signal to the beam position corrector 32. The beam 
position corrector 32, as described above, corrects the position 
of the electron beam on the basis of the position correction signal. 
The position control section 37 also generates a position control 
signal for controlling the feed motor 19, and provides the position 
control signal to the feed motor 19. 

A rotation control section 38 controls the rotation of the 
spindle motor 17. The rotation control section 38 sends a rotation 
synchronization signal of the spindle motor 17 to a drawing controller 
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39. The rotation synchronization signal includes a signal 
representing a reference rotational position of the substrate 15 
and a pulse signal on a predetermined rotational angle basis with 
respect to the reference rotational position . The rotation control 
section 38 obtains a rotational angle, a rotational speed, a 
rotational frequency, and the like of the substrate 15 from the 
rotation synchronization signal. The drawing controller 39 sends 
a blanking control signal to the blanking control section 31, and 
sends a deflection control signal to the deflection control section 
33 to carry out drawing control. The drawing control, as described 
later, is carried out in synchronization with the above -described 
rotational signal of the spindle motor 17. Main signal lines of 
the blanking control section 31, the beam position corrector 32, 
the deflection control section 33, the focus control section 34, 
the position control section 37, and the rotation control section 
38 are described above, but each of these components is 
bidirectionally connected to the drawing controller 39. Each 
component of the electron beam lithography apparatus 10 is 
appropriately connected to a not -illustrated system controller for 
controlling the whole apparatus, and sends and receives necessary 
signals . 

Then, an instance in which the electron beam lithography 
apparatus 10 draws (i.e., performs electron beam exposure) 
concentric patterns of an original master of a hard disk will be 
hereinafter described in detail. 

A track of the currently widely used hard disk, as shown in 
Fig. 2, is not a spiral pattern (shown by a broken line) adopted 



in an optical disk such as CDs, DVDs, and the like, but concentric 
patterns (shown by solid lines) . An instance in which the electron 
beam lithography apparatus 10 (x-0 system lithography apparatus) 
successively draws the concentric patterns (15A, 15B, 15C, ... and 
the like of Fig. 2) will be described for instance. 

Fig. 3 is a plan view which schematically shows the case of 
drawing a plurality of concentric patterns on the substrate 15 being 
the original master of the hard disk. Electron beam lithography 
(electron beam exposure) is concentrically performed on the 
substrate 15 applied with a resist, as shown in the drawing, to 
draw circles (tracks) in such a manner that a start point and an 
end point of the concentric circle precisely connect to each other. 
In other words, drawing by the electron beam lithography is started 
from a start point 15X of a circle 15A, and the circle is drawn 
in such a manner that a drawing end point ( an end point of the circle 
15A) connects to 15X being the drawing start point. In the drawing, 
for the sake of convenience, the position of the start point and 
the end point (connection point) 15X of the circle ISA is indicated 
with a filled circle (•). Then, a circle 15B concentric with the 
circle 15A is drawn in a similar manner with using a point 15Y, 
which is an outside point of the drawing connection point 15X of 
the circle 15A in a radial direction, as a drawing connection point. 
Furthermore, a circle 15C concentric with the circles 15A and 15B 
is drawn in a similar manner with using a point 15Z, which is an 
outside point of the drawing connection point 15Y in the radial 
direction, as a drawing connection point. The drawing connection 
points 15X, 15Y, and 15Z are in a line in the same radial direction 
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of the concentric circles 15A, 15B, and 15C, respectively. The 
concentric circles can be drawn in a similar manner inside of the 
radial direction. 

Fig. 4 is a schematic plan view which illustrates the case 
of drawing the concentric circles 15A and 15B in such a manner that 
each circle precisely connects at the drawing connection point 
described above. The neighborhood of the drawing connection points 
(start point and end point) is enlarged in Fig. 4. Fig. 5 is a time 
chart corresponding to Fig. 4 which shows the blanking control signal 
and the deflection control signals in X and Y directions. Fig. 6 
is a flowchart which shows the procedure steps of drawing. Taking 
a case in which the substrate 15 is rotated at constant linear velocity 
(CLV) as an example, the drawing control will be described. 

The deflection control signal in the radial direction, that 
is, the X direction in the drawing (hereinafter, referred to as 
X deflection signal) is a ramp wave having the same frequency as 
the rotational frequency of the spindle motor 17. In response to 
the X deflection signal having a ramp waveform, the drawing of the 
circle (track) 15A is started (step Sll), and the circle ISA is 
drawn up to a position A (Figs. 3 and 4), which is in the vicinity 
of the drawing start point 15X and does not reach the drawing start 
point 15X. The deflection of the electron beam is started at the 
position A in a direction opposite to the rotational direction ( -Y 
direction) of the substrate 15 and a tangential direction (that 
is, +Y direction) in response to the Y deflection signal having 
a ramp waveform ( step S12 ) . When the electron beam reaches a position 
B (that is, the drawing start point 15X of the circle 15A) , the 



electron beam is cut off by the blanking signal ( step S13 ) . As shown 
in Fig. 7 , applying a blanking voltage to the blanking electrodes 
23 largely deflects the electron beam EB from a restriction of the 
aperture 24, so that the electron beam EB becomes a state in which 
the electron beam EB cannot pass through the aperture 24 (i.e., 
beam: OFF) . Thus, the electron beam can be cut off. In this state, 
the electron beam is further deflected to a position C of the circle 
15A (deflection in the direction opposite to the rotational direction 
of the substrate 15) (step S14). The position C is at a distance 
of DY/2 from the position B in the +Y direction. 

When the electron beam reaches the position C in the circle 
15A, the electron beam is deflected in an opposite direction (the 
rotational direction and the tangential direction of the substrate 
15, that is, -Y direction in the drawing). The electron beam is 
also deflected in the radial direction (that is, +X direction in 
the drawing) , so as to switch and shift the electron beam to a position 
D of the circle 15B (step S15) . Then, in response to the Y deflection 
signal with the ramp waveform, the electron beam is deflected from 
the position D in the direction opposite to the rotational direction 
and the tangential direction (+Y direction in the drawing) (step 
S16) . 

When the electron beam reaches a position E ( that is , a position 
15Y) of the circle 15B, the blanking electrodes 23 cancel the blanking 
(i.e., beam: ON) (step S17), so that the electron beam EB comes 
to pass through the aperture 24. The position D is at a distance 
of DY/2 from the position E in the -Y direction. Thus, drawing 
(exposure) starts again from the position E. Accordingly, the 
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electron beam is in a blanked state (beam: OFF) during a period 
from the position B to the position C of the circle 15A, a period 
of carrying out X deflection and Y deflection from the position 
C of the circle 15A to the position D of the circle 15B, and a period 
5 from the position D to the position E of the circle 15B, and hence 
drawing (exposure) is not carried out. In this embodiment, the 
position B and the position E are the drawing start points of the 
respective circles, and also the drawing connection points. The 
position B and the position E are on a line in the same radial direction 

10 being the reference of drawing (hereinafter, also referred to as 
reference radial line ) . The positions B and E are reference positions 
of the concentric circles 15A and 15B, respectively. The reference 
radial line, for example, may be set so that the drawing connection 
point of each circle is in the reference radial line. Otherwise, 

15 as described later, the reference radial line may be set so as to 
be the center position of overwriting , when the overwriting is carried 
out. The reference radial line is not limited to these, but can 
be set appropriately. 

From the position E to a position F of the circle 15B, drawing 

20 is carried out by deflecting the electron beam in the +Y direction 
in response to the Y deflection signal with the ramp waveform (step 
S18). In other words, the deflection by the Y deflection signal 
with the ramp waveform is ended in the position F, and the drawing 
of the circle 15B continues. 

25 Repeating the foregoing operation makes it possible to draw 

the concentric patterns . A condition that the start point of a drawn 
line of the circle coincides with the end point is V = DY / Tb ( 1 
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- Tb / Ty) , wherein V represents movement velocity of the substrate, 
DY represents the amount of deflection by the Y deflection signal 
between the position C and the position D, Ty represents time period 
between the position A to the position F, and Tb represents blanking 
time . 

According to the present invention, as described above, when 
drawing transition is performed from one circle to another circle, 
the electron beam is deflected not only in the rotational radial 
direction but also in the tangential direction opposite to the 
rotational (moving) direction of the substrate. Also in a drawing 
connection section of the circle, the electron beam is deflected 
to the rotational tangential direction. Thus, it is possible to 
draw the circle ( track) in such a manner that the start point precisely 
connects to the end point. Even if there is rotational fluctuation 
in a rotational stage, it is possible to connect the circle with 
high precision. 
[Second Embodiment] 

A second embodiment of the present invention will be 
hereinafter described with reference to the drawings. 

Fig. 8 is a schematic plan view which illustrates the deflection 
control when drawing transition is performed from the circle 15A 
to the circle 15B, and the neighborhood of drawing connection points 
(start points and end points) is enlarged. Fig. 9 is a time chart 
corresponding to Fig. 8 which shows the blanking control signal 
and the deflection control signals in the X and Y directions. 

As in the case of the foregoing first embodiment, the electron 
beam starts being deflected in a position A near a reference position 



RA of the circle 15A in the tangential direction (+Y direction in 
the drawing) opposite to the rotational (moving) direction of the 
substrate 15, in response to the Y deflection signal having the 
ramp waveform. In this embodiment, after deflection in the +Y 
direction starts, deflection velocity is increased from a position 
B (for example, the reference position RA) , and the electron beam 
is cut off ( beam : OFF ) by blanking in a position C passing the reference 
position RA in response to the blanking signal. 

Then, af ter moving to a position D with deflecting, the electron 
beam is deflected in an opposite direction (-Y direction in the 
drawing) and in the direction of the next circle (track) 15B (+X 
direction in the drawing), so that the electron beam is shifted 
to a position E of the circle 15B at high speed. Then, in response 
to the Y deflection signal having the ramp waveform, the electron 
beam is deflected in the tangential direction (+Y direction in the 
drawing) until reaching a position F. The position F is set before 
a reference position RB in a reference radial line in the circle 
15B . The blanking is canceled in the position F to apply the electron 
beam EB to the substrate 15 (beam: ON). The deflection velocity 
is reduced in a position G (for example, the position RB in the 
reference radial line) of the circle 15B, and then deflection by 
the Y deflection signal with the ramp waveform is ended in a position 
H. 

Repeating the foregoing operation makes it possible to draw 
the concentric patterns . In the first embodiment , the drawing start 
point and the drawing end point are set at reference positions, 
and blanking control is carried out in such a manner that overwriting 



does not occur. When repeating the foregoing procedure draws the 
concentric circles, however, an overwritten portion occurs. In 
other words, taking the circle 15B as an example, when a circle 
15C is drawn following the circle 15B in a similar manner, a section 
from the position F of the circle 15B to a drawing end position 
C of the circle 15B (a position corresponding to the position C 
in the circle 15B) becomes the overwritten portion (WO). Namely, 
the deflection and the blanking control are carried out in such 
a manner that the overwritten portion (WO) occurs in the vicinity 
of the reference positions (RA and RB) of the circles 15A and 15B. 

Therefore, it is possible to draw the circle which precisely 
connects at the start point and the end point. Also, even if there 
is rotational fluctuation in the rotational stage, it is possible 
to connect the circle with high precision. 
[Third Embodiment] 

A third embodiment of the present invention will be hereinafter 
described with reference to drawings. 

Fig. 10 is a schematic plan view which illustrates the 
deflection control when drawing transition is performed from the 
circle 15A to the circle 15B, and the vicinity of drawing connection 
points is enlarged. Fig. 11 is a time chart corresponding to Fig. 
10 which shows the blanking control signal and the deflection control 
signals in the X and Y directions. 

Deflection starts from a position A of the circle 1 5A in response 
to the Y deflection signal, and blanking voltage is applied at the 
predetermined rate of increase from a position B of the circle 15A. 
In other words, applying the blanking voltage in a ramp form makes 



it possible to adjust the intensity of the electron beam applied 
to the substrate. The blanking voltage is rapidly increased in a 
position C passing a reference position, and the electron beam is 
completely cut off by blanking (beam: OFF). Namely, the intensity 
of the electron beam is gradually reduced from the position B to 
the position C , and completely becomes zero in the position C . Then , 
after moving to a position D, the electron beam is deflected in 
the -Y direction and also in the +X direction, so that the electron 
beam is shifted to a position E of the circle 15B at high speed. 

In a position F before reaching a reference position RB of 
the circle 15B, the blanking voltage is abruptly reduced to a 
predetermined level in order to apply the electron beam the intensity 
of which is lower than that in a complete ON state . Then , the blanking 
voltage is reduced at the predetermined rate of reduction, and the 
electron beam completely becomes the ON state in a position G 
(corresponding to the position C of the circle 15A) passing the 
reference position. After that, deflection by the Y deflection 
signal with the ramp waveform is ended in a position H. 

Repeating the foregoing operation makes it possible to draw 
a plurality of concentric circles. Therefore, it is possible to 
draw the circle in which the start point precisely connects to the 
end point. In addition, even if there is rotational fluctuation 
in the rotational stage, it is possible to connect the circle with 
high precision. When repeating the foregoing procedure draws the 
concentric circles , an overwritten portion occurs . In other words , 
the deflection and the blanking control are carried out in such 
a manner that the overwritten portion (WO) occurs in the vicinity 



of the reference positions RA and RB in the circles 15A and 15B. 

The application intensity of the electron beam may be varied 
at a predetermined rate at least one of before and after the duration 
of deflecting the electron beam in the radial direction. 
5 [Fourth Embodiment] 

A fourth embodiment of the present invention will be 
hereinafter described with reference to drawings. 

Fig. 12 is a schematic plan view which illustrates the 
deflection control when drawing transition is performed from the 
10 circle 15A to the circle 15B # and the vicinity of drawing connection 
points is enlarged. Fig. 13 is a time chart corresponding to Fig. 
12 which shows the blanking control signal and the deflection control 
signals in the X and Y directions. 

A point of difference between a drawing method according to 
15 the foregoing first embodiment and that according to this embodiment 
is that a sine waveform signal is overlapped with the ramp waveform 
signal in the deflection control signal in the Y direction. This 
drawing method is the same as that of the first embodiment for the 
rest . 

20 To be more specific, responding to the Y deflection signal 

having the sine waveform, the electron beam is deflected in the 
tangential direction (±Y direction in the drawing) in the period 
between a position A and a position C . The electron beam is deflected 
in the tangential direction ( -Y direction in the drawing) and also 

25 in the radial direction ( +X direction in the drawing) from the position 
C, so that the electron beam is shifted to a position D at high 
speed. Then, the electron beam is deflected in the tangential 



direction (±Y direction in the drawing) in the period between the 
position D and a position F in response to the Y deflection signal 
with the sine waveform. As in the case of the first embodiment, 
the electron beam is cut off (beam: OFF) by blanking in the period 
between the position B and a position E being drawing connection 
points. A cutoff period of the electron beam, however, may be set 
so as to carry out overwriting. 

As described above in detail, according to the present 
invention, when drawing transition is performed from one circle 
to another, the electron beam is deflected not only the rotational 
radial direction but also the rotational tangential direction of 
the rotation (movement) of the substrate. Also in the drawing 
connection section of the circle, the electron beam is deflected 
in the rotational tangential direction opposite to the rotational 
direction of the substrate. Therefore, it is possible to draw the 
circle (track) which precisely connects at the start point and the 
end point . Even if there is rotational fluctuation in the rotational 
stage, the circle can be connected with high precision. 

In the foregoing embodiments, lithography (exposure) of the 
concentric circles is performed by using the electron beam. The 
present invention , however , is applicable in the case of using another 
beam such as an optical beam and the like instead of the electron 
beam. 



